OBJECT: To analyze the in¯uence of socioeconomic status on the prevalence, evolution and incidence of obesity between the ages of 12 y and 15 y in Belgium. DESIGN: Retrospective cohort study. SUBJECTS: 2607 children from ®ve social groups. MEASUREMENTS: The body mass index (BMI) measured during two school medical examinations carried out at an interval of two years between the ages of 12 y and 15 y. RESULTS: Between the ages of 12 y and 15 y the inverse relation between social status and the prevalence of obesity is accentuated in girls. The increasing divergence between social groups was a result both of the greater incidence of new cases of obesity and the reduced improvement rate in obesity already present in adolescents of lower social classes. CONCLUSIONS: Social inequalities in obesity increase during early adolescence. Preventive measures, targeting children of low socioeconomic status, should be put in place at this stage of life.
Introduction
Social inequalities in health are increasing in the industrialized countries 1±3 and their reduction is a major challenge. In order to set up programmes to reduce these inequalities it is essential to determine when and how they develop in children and adolescents.
There is an inverse relation between the prevalence of obesity and social status in both adult men and women. 4, 5 In children, however, most studies show no such association 5, 6 and the inverse relation seen in adults has only been found in a few studies. 7, 8 Adolescence seems, therefore, to be a critical period for the development of social inequalities in obesity.
9±11
If strategies preventing social inequalities are to be put in place, the age at which they are to be introduced and for which target groups, must be determined. In response to these questions, the goal of this study is to determine the evolution of obesity, its prevalence and incidence during adolescence in a cohort of children from different socioeconomic backgrounds.
Material and methods
This retrospective cohort study was carried out on a sample of 2607 adolescents born between 1976 and 1979 (1339 girls and 1268 boys) taken from six school medical centres in the Brussels region.
The school medical ®les were chosen in ®ling order in health centers to obtain about 500 ®les in each of ®ve social groups de®ned according to the parents' professions and the status of their activity (active or inactive: out of work, invalid etc.). Group 1 (n 511) consists of active members of upper management and the professionals, group 2 (n 572), white-collar workers, group 3 (n 484), active self-employed and technicians, group 4 (n 501), active manual workers, group 5 (n 539) unemployed and those dependent on state assistance. Allocation to the different social groups was made according to parent with the most favorable socioeconomic status.
Data concerning the height and weight of each child were noted during two medial examinations approximately two years apart. The average age at the time of the ®rst examination was 12.3 y ( AE 6.5 months) and 14.8 y ( AE 10.4 months) at the second examination. The interval between the two examinations was 2.4 y ( AE 10 months). The average age at the ®rst examination did not differ according to the social group; the average age at the second examination differed between the ®ve social groups, decreasing progressively from group 1 (average age 15 y) to group 5 (average age 14.6 y) (P`0.001). The interval between the two examinations differed according to the social group, decreasing progressively from group 1 (31.1 months) to group 5 (26.5 months) (P`0.01). This is due to the higher rate of academic failure (the student having thus to repeat the school year) and to the greater tendency towards technical education in the less favoured social groups, leading to a different rhythm of school medical visits. The difference in the interval ought not to affect the signi®cance of the observations. Results obtained for a limited sample in which there was no interval difference between social groups (n 733 children for whom the interval between the two examinations was between 22 and 27 months, mean 24.4 months AE 1.1 months) are similar to those obtained for the complete sample.
In order to evaluate possible bias linked to seasonal differences, the seasons when the measurements were taken were divided into two groups:`fall±winter' and spring±summer'. The inequalities observed were checked against the season of the examination (same season, fall±winter at the ®rst examination and spring±summer at the second or vice-versa).
Data concerning the stage of puberty (Tanner's stage P) was available for 1830 adolescents. No signi®cant maturational difference between the social groups was observed in the girls at age 12 y or 15 y. In the boys, however, the differences were not signi®cant at age 12 y but at the second examination, there was a greater proportion of adolescents at stage P3 or beyond in the most prosperous group (P`0.01). At the time of the ®rst examination 28.3% of the girls and 48.9% of the boys were not pubescent. At the second examination these proportions were 1.4% and 7.2%, respectively. The children's nationality was noted and for the purposes of analysis was assigned to one of the following two categories: Belgian (n 1453) or immigrant (n 1154). 73.6% of the immigrants were from North Africa or Turkey, 18.2% from the Mediterranean region and 8.3% from other parts of the world.
Obesity was determined using the Quetelet index or body mass index (BMI), (weight in kg/height 2 in meters) and distribution for age and gender using the Rolland-Cachera curves. 12 A child was considered normal if their BMI was`120% of the median for his age and gender, and obese if the BMI was b 120% of the median. Obesity was considered moderate if the BMI was between 120% and 140% of the median and severe if the BMI was b 140% of the median for age and gender.
Epi Info software was used to encode and process data. 13 The w 2 test was used to test differences between groups. Relative risks were estimated and their con®dence interval was calculated using the Greenland-Robins method.
14 Differences in prevalence between the two examinations and their con®dence interval (CI) of 95% were calculated using statistical methods relative to matched samples. 15 
Results
Evolution of the prevalence of obesity and severe obesity between the two examinations
The prevalence of obesity and severe obesity was identical for the two examinations performed at approximately the ages of 12 y and 15 y: 20.5% and 20.4%, respectively, for obesity (P b 0.05) and 5.6% and 5.9% for severe obesity (P b 0.05). There was no difference in the prevalence of obesity or severe obesity between boys and girls at the ages of 12 y or 15 y.
Although the overall prevalence in the sample remained stable between the ages 12 y and 15 y there was an increase in the divergence between the social groups in both boys and girls with the least favored social groups showing the greatest prevalence. Figure 1 and Figure 2 show the changes of the prevalence of obesity between the ages of 12 y and 15 y according to social group. In the boys ( Figure 1 ) the association between obesity and social group was modi®ed between the two examinations: at the age of 12 y, the greatest prevalence was found in the middle social group, whereas at the age of 15 y, the prevalence of obesity increases progressively as one goes down the social scale, although the differences between groups were not statistically signi®cant. In the girls this inverse relation, which was already signi®cant at the age of 12 y, was accentuated ( Figure 2 ).
For the whole of the sample, there was a signi®cant reduction in the prevalence of obesity in the intermediate social group (74% ( AE 2.7%)) and a signi®-cant increase in the least-favoured social group ( 3.3% ( AE 2.7%)).
The relative risks of obesity between the extreme groups increased between the ages of 12 y and 15 y. For the girls, these relative risks were 1.8 (1.3±2.6) at the age of 12 y and 2.1 (1.5±3.1) at the age of 15 y. For the boys they were 1.0 (0.7±1.5) at the age of 12 y and 1.4 (1.0±2.0) at the age of 15 y.
Taking the seasonal differences at the time of the measurements into account did not modify these results.
There was the same evolution in the prevalence of obesity between the two examinations according to socioeconomic status for both boys and girls for the 1830 adolescents whose stage of puberty was known, whatever their pubertal development between the examinations. Figure 3 and Figure 4 show the evolution of the prevalence of severe obesity between the ages of 12 y and 15 y according to social group. Accentuation of the differences between the social groups was also observed in the girls. For the girls, the relative risks of severe obesity between the extreme groups were 5.1 (2.0±13.1) at the age of 12 y and 6.7 (2.4±18.7) at the age of 15 y. For the boys they were 1.6 (0.7±3.9) at the age of 12 y and 1.6 (0.7±3.4) at the age of 15 y. Figure 5 and Figure 6 show the evolution by gender of the prevalence of obesity and severe obesity in Belgian and immigrant adolescents according to social group. For both genders and in each nationality group, there was an increase in the prevalence of obesity and severe obesity in the lower socioeconomic groups; this increase was only statistically signi®cant for immigrant boys. A signi®cant reduction in the prevalence of obesity was observed in the middle socioeconomic group for Belgian girls and immigrant boys.
Evolution of body mass between the ages of 12 y and 15 y Almost 6% of the adolescents became obese between the two examinations, that is, they were placed in the normal body mass group at the ®rst examination and reassigned to the greater body mass groups at the second examination (moderate or severe obesity). This incidence was higher for adolescents from lower socioeconomic groups (8%) than for those from middle (3.5%) or higher socioeconomic groups (4.5%) ( Table 1) . Taking the seasonal differences at the time of the measurements into account did not modify these results.
For the adolescents whose stage of puberty was known, the incidence of obesity increased as the socioeconomic status decreased whatever the pubertal development between the two examinations.
The incidence of obesity was higher in immigrant girls than in Belgian girls (8.8% vs 4.1%, RR 2.2 (1.3±3.5)). Nationality-linked differences for boys were not signi®cant (5.8% of immigrant boys and 5.0% of Belgian boys became obese between the two examinations, RR 1.2 (0.7±1.9)).
Amongst those adolescents who were moderately or severely obese at the ®rst examination, 22.7% had Social status and obesity during puberty M De Spiegelaere et al returned to normal body mass by the second examination ( Table 2 ). The proportion of children in the most prosperous social class who returned to normal body mass was twice as high as that observed in the least favored social class. (RR 2.0 (1.1±3.4)).
Of the adolescents in the`severely obese' group at the ®rst examination, 6.2% of the girls and 7.1% of the boys were in the`normal body mass' group at the second examination. The proportion of adolescents who returned to normal body mass between the two examinations was not signi®cantly different by nationality: 25.6% Figure 6 Changes in the prevalence of severe obesity by social group, nationality and gender. Table 1 Proportion of adolescents developing obesity between the ages of 12 y and 15 y by social group and gender (Transfer from`normal body mass' group to`moderate obesity' or`severe obesity') (n number of subjects with normal body mass at the ®rst examination)
Girls
Boys Total
Social groups a n % n % n % For Belgian girls, the proportion of adolescents who returned to normal body mass was 29.9% in the higher socioeconomic groups, 36.4% in the middle socioeconomic group and 7.9% in the lowest socioeconomic groups (P`0.001). The differences between the groups were not signi®cant for immigrant boys and girls and Belgian boys.
Discussion
This study shows that during the two years between the two examinations, the social inequalities present in girls aged 12 y were accentuated and that in boys, an inverse relation between social status and obesity appears. Thus, our results con®rm those of previous studies which showed that social differences for obesity developed during adolescence.
9±11
The use, in this paper, of data taken from routine school medical visits is subject to certain limitations. The ®rst is that the interval between the two examinations was greater for adolescents from more prosperous backgrounds. Analysis of a limited sample of children examined at identical intervals in all the social groups has shown that the results could be superimposed on those obtained for the whole of the sample. Another limitation is that data on the stage of puberty was not available for all subjects. Measurements taken at a precise state of puberty would have allowed a more accurate analysis of the social inequalities in obesity during puberty. The analysis performed for the 1830 adolescents for whom the data was available, shows that most of the girls in the sample had already entered puberty at the time of the ®rst examination. The boys were more diverse in their pubertal development. Only 7.2% of the boys, however, were still at the initial stage at the time of the second examination. The social inequalities in obesity and the evolution between the two examinations observed in the total sample was re¯ected in the reduced sample after taking into account the initial stage of puberty and pubertal development between the two examinations. It does not seem to us therefore, that the determination of adolescence according to age rather than according to stage of development has had an in¯uence on the validity of our conclusions.
Finally, only the BMI was available to approximate adiposity. This is rather limited in adolescence ± it is not independent of height and relative sitting height, and re¯ects both fat and lean body mass. 16 This is why it is recommended that it should be used in association with skinfold measurements. 17 This measurement is not routinely undertaken in Belgium. Despite its limitations, the BMI has been put forward as a means of screening for obesity in adolescents in the USA. 18 The Index and its evolution during adolescence has been correlated signi®cantly to cardiovascular risk factors. 19 Valdez et al 20 suggested using the ponderal index (wt/ht 3 ) at adolescence because it is less dependent on height, age and race, especially for boys. Taking the 90 th percentile as the threshold of obesity, we obtained the same results in terms of social inequalities for both the BMI and the ponderal index.
The growing divergence between social groups is a result of both a greater incidence of new cases of obesity and a lower improvement rate for existing obesity in adolescents of lower social status. The incidence of obesity during these two years has twice as great in the low socioeconomic groups as in the other groups. A Danish study has shown that children living in poor areas had three times the risk of developing obesity during adolescence than those who lived in wealthier areas, whatever their initial body mass. 11 Garn et al 21 in the USA, has shown that the educational level of the parents of children who become obese between the ages of 10 y and 14 y was lower than average, whereas it was higher than average for those whose children developed precocious obesity.
In our sample, the children from low socioeconomic groups return to normal body mass between the two examinations half as frequently. The lower improvement rate in children from less favorable social backgrounds can be partly explained by the severity of the obesity. Amongst overweight adolescents, the proportion of severe obesity was greater in lower social groups. A study of a British cohort has shown that working class children had a greater tendency than those of other classes to remain overweight into adulthood. 9 Favorable evolution in cases of excess weight can be either spontaneous or linked to improved eating habits or increased physical activity. Weight-consciousness is a factor which causes this behaviour modi®cation. It increases between the ages of 12 y and 15 y 22 and could be more marked in the wealthier social groups. However, the social inequalities observed in the reduction of excess weight could be explained by differences in the ability to modify eating habits or undertake adequate physical exercise. Factors which might in¯uence this ability, such as the parents' or adolescent's level of education, access (®nancial and cultural) to counseling, ®nancial access to a balanced diet were all closely linked to socioeconomic status. A better understanding of the impact of these different factors on the adolescents at greatest risk of obesity is essential for ef®cient planning of preventive strategies.
Surprisingly, children from the middle social group develop particularly favorably between the two examinations. In boys aged 12 y, this group showed the highest level of obesity. The most marked improvements in this group lead to intermediate prevalence between the high and low social groups. In girls this improvement brings the obesity rate of this group closer to that of group 2 than to group 4 (as it was at the age of 12 y). The reasons for this improvement are not obvious. Perhaps the children from the middle social group had eating habits close to those of the lower social groups in childhood, but a greater ability to modify eating habits and take adequate physical exercise when they are concerned about weight excess in adolescence.
Belgian girls of low socioeconomic status have the highest rate of severe obesity (12.9% at about the age of 15 y) and an especially low rate of reduction of existing obesity ± less than 8% of obese adolescents in this group had returned to normal weight at the second examination. As medium-and long-term risks are associated with severe obesity and its permanence during adolescence, 23 this group should be especially targeted for early prevention.
Social inequalities in obesity increase during early adolescence, and preventive strategies targeting those groups most at risk, must be put in place at this stage. However, inequalities are already visible before puberty for girls, and therefore preventive measures should be undertaken even earlier.
Children of low socioeconomic status have the highest risk both of incidence and of permanence of obesity. Lifestyle factors which cause this greater incidence and prevent weight loss should be researched, as should the age at which the inequalities already present in girls aged 12 y make their appearance.
Programs aimed at preventing social inequalities in obesity should include primary prevention for those groups most at risk, in order to reduce the incidence of obesity, and longterm monitoring of obese children in the least-favored social groups, so that they have the same opportunities of returning to normal body weight as the others. In both areas, qualitative research will have to be undertaken in collaboration with the most vulnerable groups, in order to set up programs which will be accessible and acceptable to the target populations, and adapted to their life style.
